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Cellulase hydrolyzes b (1,4) glycosidic linkages of cellulose polymer to soluble sugar. An
extracellular enzyme production by Bacillus licheniformis KIBGE-IB2 (GenBank accession No.
GU216259) was studied under various environmental conditions. Maximum enzyme pro-
duction was measured in the liquid fermentation medium after 48 h, containing (gL1),
CMC, 5.0; peptone, 15.0; yeast extract, 15.0; CaCl2$2H2O, 0.001; FeSO4$7H2O, 0.001; K2HPO4,
5.0; NaH2PO4, 5.0 and MgSO4$7H2O, 1.0. The optimal pH and temperature for enzyme pro-
duction was found to be 6.0 and 37C, respectively. It was also found that beside soluble
sugars, a significant amount of enzyme production was obtained when biomass (wheat
bran and orange peel) were examined as a sole carbon source. The current findings indicate
that endo (1,4) b-D-glucanase from B. licheniformis KIBGE-IB2 can be beneficial for com-
mercial purpose.
Copyright © 2014, The Egyptian Society of Radiation Sciences and Applications. Production
and hosting by Elsevier B.V. All rights reserved.1. Introduction
Cellulose is the main component of plant cell wall material
and it is considered to be the most abundant biopolymer on
earth. The plant cell wall is composed of complex matrix of
cellulose (15e40%), lignin (20%), hemicellulose (30e40%) and
pectin (20%) (Doi & Kosugi, 2004). Chemically, cellulose poly-
mer is made up of glucose molecules held together by b (1,4)
glycosidic linkages and cellulase is a unique complex enzyme9; fax: þ9221 32229310.
. Ul Qader).
ptian Society of Radiatio
sevier
iety of Radiation Sciencessystem that cleaves these glycosidic linkages. There are at
least three types of cellulase including; endo (1,4) b-D-gluca-
nase [EC 3.2.1.4] (Carboxymethyl cellulase or CMCase), exo
(1,4) b-D-glucanase [EC 3.2.1.91] (cellobiohydrolase, avicelase,
microcrystalline cellulase, b-exoglucanase) and b-glucosidase
[EC 3.2.1.21]. The endo (1,4) b-D-glucanase randomly cleaves
the b (1,4) glycosidic linkages present in the amorphous re-
gion. Exo (1,4) b-D-glucanase cleaves from the reducing or non-
reducing end of cellulose polymer and produces cellobiose
units. Finally, b-glucosidase further cleaves cellobiose to twon Sciences and Applications
and Applications. Production and hosting by Elsevier B.V. All rights
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cellulose to glucose requires the synergistic action of all
aforementioned enzyme complexes (Cai, Chapman, Buswell,
& Chang, 1999). Initially, it was believed that fungal and bac-
terial species can only produce cellulase, but later it was found
that some insects, mollusks, protozoan and nematodes also
produce this complex cellulase system (Watanabe & Tokuda,
2001). Cellulase is either secreted as free enzyme by certain
aerobic microorganisms or it is present as complex structure
anchored outside the cell membrane of some anaerobic bac-
teria in the form of cellulosomes (Lynd, Weimer, Zyl, &
Pretorius, 2002). Cellulase is used in different industries such
as food, textile, chemical, fuel, detergent, animal feed, phar-
maceutical, paper and pulp industry, as well as in waste
management, protoplast research and in genetic engineering
(Beguin & Aubert, 1994). Mostly for commercial production of
cellulase, fungal species, including Tricoderma, Penicillium,
Fusarium, Humicola, Phanerochaete have been used (Singhania,
Sukumaran, Patel, Larroche, & Pandey, 2010). However,
cellulase from a bacterial source can be more useful because
of their high growth rate and broader range of habitats. Bac-
terial species such as Erwinia, cellomonase, pseudomonas,
Thermonospora, Bacillus, Micrococcus, Bacterodes, Acetivi-
brio, Clostridium and Ruminococcus has been reported for
cellulase production (Jo et al., 2008; Nakamura & Kitamura,
1982; Robson & Chambliss, 1989).
The enzymatic scarification of cellulosic material is still a
costly process. Utilization of cheap substrates like an agro
waste for enzyme production and the use of cellulolytic mi-
crobes with hyper cellulase producing characteristic is
required to decrease the cost of the final product.
Therefore, this study was designed to optimize different
fermentation conditions for hyper-production of endo (1,4) b-
D-glucanase by Bacillus licheniformis KIBGE-IB2 using the sub-
merged batch fermentation technique.2. Materials and methods
2.1. Microbial strain and culture conditions
B. licheniformis KIBGE-IB2 was obtained from the culture bank
of Industrial Biotechnology Division at the Karachi Institute of
Biotechnology and Genetic Engineering (KIBGE), University ofFig. 1 e Growth Pattern of Bacillus licheniformis KIBGE-IB2 onKarachi. The strain was initially revived in nutrient broth and
then continually sub-cultured in nutrient broth supplemented
with 0.5% carboxymethyl cellulose (CMC) for 24 h at 37 C.
Culture was maintained at 4 C on CMC-agar slants.
2.2. Qualitative analysis
For qualitative analysis of the endo (1,4) b-D-glucanase pro-
duction, the B. licheniformis KIBGE-IB2 was streaked on CMC-
agar plate containing (g L1), KH2PO4: 1.36; (NH4)2SO4: 1.0;
MgSO4$7H2O: 0.2; FeSO4: 0.01; NaCl: 2.0; yeast extract: 1.0 and
CMC: 3.0 (Acharya & Chaudhary, 2012). To this medium 2.4%
(w/v) agareagar was added for gelation. After 24 h of incuba-
tion at 37 C, the plate was stained with a 0.1% congo-red dye
for 15min and de-stainedwith 1.0MNaCl to intensify the clear
halo zone around the colonies indicating the hydrolysis of
CMC by the B. licheniformis KIBGE-IB2 (Fig. 1) (Teather &Wood,
1982).
2.3. Enzyme production
The quantitative test for endo (1,4) b-D-glucanase production
was studied by culturing the B. licheniformis KIBGE-IB2 in liquid
medium (Acharya&Chaudhary, 2012). The pHwas adjusted to
6.0using 1.0MNaOHbefore sterilization. The10.0ml inoculum
was prepared and 90.0 ml culture mediumwas dispensed into
250 ml conical flask and autoclaved at 121 C for 15 min.
After sterilization B. licheniformis KIBGE-IB2 was cultured in
the inoculum and incubated at 37 C for 24 h. The inoculum
was then transferred into fermentation medium and incu-
bated at 37 C for 48 h. The fermented medium was centri-
fuged at 40,248 g for 20 min at 4 C and cell free filtrate (CFF)
was obtained.
2.4. Enzyme assay
The enzyme assay was performed by mixing 0.1 ml CFF with
1.0 ml substrate (0.5% CMC prepared in phosphate buffer,
0.5 M, pHe7.0) for 20 min at 40 C. Reducing sugar liberated
during the reaction was measured by 3050 Dinitrosalicylic acid
(DNS)method (Miller, 1959) and glucosewas used as standard.
One unit of endo (1,4) b-D-glucanase is defined as the
‘‘amount of enzyme that release 1.0 mmol of glucose per
minute under standard assay condition’’.CMC agar plate (A). Plat showing zones of hydrolysis (B).
Table 1 e Effect of different fermentation media.
Media Enzyme activity (U ml1 min1)
Medium 1 22.82 ± 1.14
Medium 2 60.05 ± 3.0
Medium 3 82.00 ± 4.1
Medium 4 53.56 ± 2.6
Medium 5 41.14 ± 2.0
Medium 6 750.0 ± 37.5
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Five media previously reported for endo (1,4) b-D-glucanase
production was used for the study of endo-1, 4-b-D-glucanase
production by B. licheniformis KIBGE-IB2. These reportedmedia
were: medium-1 (Acharya & Chaudhary, 2012), medium-2
(Kim, Lee, Cho, Oh, & Ko, 2012), medium-3 (Andriani,
Sunwoo, Ryu, Prasetya, & Park, 2012), medium-4 (Kim et al.,
2009) and medium-5 (Bano, Qader, Aman, Syed, & Durrani,
2013).
2.6. Effect of different carbon sources on endo-1, 4-b-D-
glucanase production
Various carbon sources such as CMC, glucose, maltose, su-
crose, orange peel and wheat bran at 5.0 g L1 (w/v) were
separately added as sole carbon source to the culturemedium
of the bacterium for optimization of the carbon source.
2.7. Effect of CMC concentration on endo-1, 4-b-D-
glucanase production
The concentration of CMC was optimized by varying its con-
centration in the range of 0e15 g L1.
2.8. Effect of nitrogen sources on endo-1, 4-b-D-
glucanase production
Different concentration of organic and inorganic nitrogen
sourceswere examined formaximumproduction of endo (1,4)
b-D-glucanase. Fermentation was carried out by incorporating
varying concentration (0e20.0 g L1) (w/v) of peptone and
yeast extract in nutrientmedia. The effect of various inorganic
nitrogen sources (15.0 g L1) (w/v) was also studied for enzyme
production.
2.9. Effect of different concentration of salts on endo-1,
4-b-D-glucanase production
Various concentrations of salts (CaCl2$2H2O, FeSO4$7H2O,
K2HPO4, NaH2PO4 and MgSO4$7H2O) were used for optimizing
their concentration for maximum enzyme yield.
2.10. Optimization of the physical parameters
2.10.1. Effect of incubation time on endo-1, 4-b-D-glucanase
production
The impact of time course on the production of endo (1,4) b-D-
glucanase was examined by incubating the B. licheniformis
KIBGE-IB2 at 37 C for different time periods (6, 24, 48, 72, 96
and 120 h). After each hour of incubation the CFF was tested
for enzyme production.
2.10.2. Effect of temperature on endo-1, 4-b-D-glucanase
production
B. licheniformis KIBGE-IB2 was incubated at different temper-
atures ranging from 20 C to 60 C for 48 h. Enzyme activity
was estimated at each temperature according to standard
assay procedure.2.10.3. Effect of pH on endo-1, 4-b-D-glucanase production
The effect of pH on enzyme production was studied by
adjusting the pH of the medium between pH 4.0 to 9.0 with
1.0 N HCl and 1.0 N NaOH before sterilization and incubated at
37 C for 48 h.3. Results and discussion
3.1. Effect of fermentation media on endo-1, 4-b-D-
glucanase production
The production of enzymes by microorganism can be influ-
enced by a number of fermentation factors, including physical
(time, pH and temperature) and chemical factors (macro and
micro nutrient). Therefore, for obtaining high titer of endo
(1,4) b-D-glucanase, all major influencing factors were opti-
mized in order to make the upstream production process
more economical. In the first step previously reported media
were used for the production of endo (1,4) b-D-glucanase. For
this purpose five previously reportedmediawere initially used
and maximum enzyme production was found in medium-3.
The component of medium-3 was then varied one at a time
and new modified medium-6 was designed. It was found that
endo (1,4) b-D-glucanase production was increased 9.14 fold as
compared to medium-3 (Table 1).3.2. Effect of different carbon sources on endo-1, 4-b-D-
glucanase production
Endo (1,4) b-D-glucanase production was found to be depen-
dent upon the nature of carbon source used in the fermenta-
tion medium. The use of substrate is of great importance in
terms of cost and production of enzymes. Therefore, various
sugars and agro-industrial wastes (Table 2) were used as sole
carbon source in endo (1,4) b-D-glucanase production. The
microbial strain significantly produced enzyme in all the
substrates used in the culture media, but maximum produc-
tion was found in the medium containing CMC
(750.58 ± 37.52 U ml1 min1) and which was followed by
wheat barn (740.58 ± 37.02 U ml1 min1). Moreover, it was
also noted that the addition of 0.5% glucose in the fermenta-
tion medium does not induce catabolic repression. Wheat
bran, CMC and glucose were reported to be the inducer of
cellulase (Dhillon, Chhibber, Saxena, Pajni, & Vadehra, 1985;
Ryu & Mandels, 1980; Singh, Brar, Sandhu, & Kaur, 1996). It is
assumed that CMC is less complex structure and therefore,
easily assimilating of it by the microorganism (Wood & Bhat,
1988). It was reported that wheat bran is a rich medium
Table 2 e Impact of macro and micro nutrient supplementations on endo (1,4) b-D-glucanase production.
Macro-nutrient (g L1) Enzyme activity (U ml1 min1) Micronutrient (g L1) Enzyme activity (U ml1 min1)
Carbon sources (a) MgSO4·7H2O
Glucose 731.81 ± 36.59 0.0 675.92 ± 33.79
Maltose 680.75 ± 34.03 0.1 680.1 ± 34.00
Sucrose 697.77 ± 34.88 0.2 698.86 ± 34.94
Wheat bran 740.58 ± 37.02 0.5 710.39 ± 35.51
Orange peel 660.75 ± 33.03 1.0 745.1 ± 37.25
CMC 750.58 ± 37.52 1.5 714.56 ± 35.72
Carboxymethyl cellulose (CMC) Na2HPO4
0.0 126.45 ± 6.32 0.0 518.92 ± 25.94
2.5 448.94 ± 22.44 2.5 620.24 ± 31.01
5.0 755.95 ± 37.79 5.0 751.55 ± 37.57
10.0 753.95 ± 37.69 10.0 601.55 ± 30.07
15.0 751.77 ± 37.58 15.0 588.56 ± 29.42
Peptone K2HPO4
0.0 N.D 0.0 503.85 ± 25.19
2.5 275.1 ± 13.75 2.5 673.05 ± 33.65
5.0 325.5 ± 16.27 5.0 755.42 ± 37.77
10.0 378.29 ± 18.91 10.0 660.87 ± 33.04
15.0 755.00 ± 37.75 15.0 643.91 ± 32.19
20.0 734.7 ± 36.73 20.0 630.51 ± 31.51
Yeast extract CaCl2·2H2O
2.5 541.35 ± 27.06 0.0 706.4 ± 35.32
5.0 542.72 ± 27.13 0.001 737.6 ± 36.88
10.0 553.37 ± 27.66 0.005 711.3 ± 35.56
15.0 760.52 ± 38.02 0.01 688.4 ± 34.42
20.0 627.07 ± 31.35 0.015 658.4 ± 32.92
Inorganic nitrogen (b) FeSO4·7H2O
Ammonium chloride N.D 0.0 617.22 ± 30.86
Ammonium sulfate N.D 0.001 740.66 ± 37.03
Sodium nitrate N.D 0.002 720.82 ± 36.04
Ammonium acetate N.D 0.003 681.14 ± 34.05
Ammonium nitrate 90.76 ± 4.53 0.004 654.64 ± 32.73
a e Carbon source: 5.0 g L1, b e Inorganic nitrogen source: 15.0 g L1, N.D: Activity not detectable.
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acids and elements. Hence, wheat bran might be supporting
bacterial growth and enzyme production (Gomathi et al.,
2012).3.3. Effect of CMC concentration on endo-1, 4-b-D-
glucanase production
For maximum endo (1,4) b-D-glucanase production concen-
tration of CMC was varied in the range of 0e15 g L1 (w/v) in
growth medium (Table 2). Maximum enzyme production was
obtained at the 5.0 g L1 CMC and above optimal concentra-
tion enzyme production was decreased. The decrease in
enzyme production above optimal concentration might be
due to the increase in the viscosity of fermentation medium
which had eventually affected the uniform circulation of
nutrient and oxygen causing decrease in enzyme production.3.4. Effect of different nitrogen sources on endo-1, 4-b-D-
glucanase production
Nitrogen sources are the secondary energy source for micro-
organism and play a vital role in bacterial growth and other
metabolic activities. Hence, various concentrations of peptone
and yeast were used for optimizing their concentration's(Table 2). Maximum enzyme activity wasmeasured in 15 g L1
(w/v) peptone and yeast extract, respectively. Endo (1,4) b-D-
glucanase production was not detectable when the fermen-
tation medium was used without nitrogen source. Similarly,
no endo (1,4) b-D-glucanase production was observed when
15 g L1 % (w/v) organic nitrogen source was replaced by
various inorganic nitrogen sources, including: ammonium
chloride, ammonium sulfate, sodium nitrate, and ammonium
acetate. However, low enzyme production was observed in
ammonium nitrate (90.76 ± 4.53 U1ml1 min1) containing
culture medium. It is reported that organic nitrogen sources
are more suitable for cellulase production as compared to
inorganic nitrogen sources (Ray, Bairagi, Ghosh, & Sen., 2007).
These results suggested that organic nitrogen sources might
be providing an extra carbon source, vitamins and minerals
required by the bacteria for growth and enzyme production.3.5. Effect of different salts on endo-1, 4-b-D-glucanase
production
The influence of different salt on endo (1,4) b-D-glucanase
production was investigated by using the basal medium with
the addition of CaCl2$2H2O, FeSO4$7H2O, K2HPO4, NaH2PO4 and
MgSO4$7H2O (Table 2). It was inferred that addition of mineral
salts at a certain amount was sufficient for enhancing endo
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above optimal concentration led to decreased enzyme pro-
duction. Gao, Kim, Chung, Li, and Lee (2010) reported that the
utilization of substrates by bacterium is increase by incorpo-
rating optimized concentration of salts in the culturemedium.
The salts in aqueous solution dissociate into ions and these
ions play important role in the catalytic activity as well as the
stability of extracellular and intracellular enzymes. They also
affect the distribution of water molecule across the cell
membrane.Fig. 3 e Effect of temperature on endo (1,4) b-D-glucanase
production.3.6. Physical parameters
3.6.1. Effect of different incubation time on endo-1, 4-b-D-
glucanase production
The effect of time course on endo (1,4) b-D-glucanase pro-
duction was studied by incubating the B. licheniformis KIBGE
IB2 for various time intervals (Fig. 2). The maximum produc-
tion of endo (1,4) b-D-glucanase was observed after 48 h of
incubation (750.58 U1 ml1 min1). The fermentation time is
much shorter compared to the results observed by Abd El-
Hadi, El-Nour, Hammad, Kamel, and Anwar (2013), who
observed maximum endo (1,4) b-D-glucanase by Aspergillus
hortai after 96 h of the fermentation time. However, after 72 h,
the production of endo (1,4) b-D-glucanase by B. licheniformis
KIBGE IB2 was decreased. It might be due to shifting of pH,
production of byproducts and depletion of nutrients in the
fermentation medium.
3.6.2. Effect of temperature on endo-1, 4-b-D-glucanase
production
The influence of temperature on the endo (1,4) b-D-glucanase
production was investigated by varying the incubation tem-
perature in the range of 20 Ce60 C (Fig. 3). The endo (1,4) b-D-
glucanase production was increased with the rise in temper-
ature and maximum enzyme production was observed at
37 C. However, above optimal temperature the enzyme pro-
duction was decreased. For instance, at 40 C, the enzyme
production was slightly decreased (6.72%) and finally, sharpFig. 2 e Effect of time course on endo (1,4) b-D-glucanase
production.decline (85.32%) in enzyme production was observed at 50 C.
The decrease in enzyme production might be due to thermal
denaturation of enzymes involved in themetabolic pathways,
which may result in less product synthesis (Aiba, Humphrey,
& Millis, 1973).
3.6.3. Effect of medium pH on endo-1, 4-b-D-glucanase
production
Transportation of various chemical across the cell membrane,
including movement of enzyme and their activity is signifi-
cantly influenced by the pH of the medium. Current finding
also shows that pH of growth medium was an important
factor affecting endo (1,4) b-D-glucanase production. As shown
in Fig. 4, maximum endo (1,4) b-D-glucanase production was
observed at pH 6.0. These results correlate with previously
reported maximum endo (1,4) b-D-glucanase production at pH
6.0 by Bacillus Sp. (Gomathi et al., 2012; Rastogi et al., 2010).
Moreover, It was observed that the bacterial strain produced
endo (1,4) b-D-glucanase in a broader range of pH, whichmight
be useful for its industrial application. It has been reported
that bacillus and micrococcus Sp. effectively hydrolyzes their
substrate in the pH range of 4.0e9.0 (Immanuel, Dhanusha,
Prema, & Palavesam, 2006).Fig. 4 e Effect of pH on endo (1,4) b-D-glucanase production.
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Endo (1,4) b-D-glucanase produced by B. licheniformis KIBGE-IB2
has hyper endo (1,4) b-D-glucanase production characteristic.
It exhibits a short incubation period (48 h) and produces endo
(1,4) b-D-glucanase in broader pH and temperature ranges. The
production of endo (1,4) b-D-glucanase was enhanced in the
presence of easily metabolisable sugars. A significant amount
of enzyme production was also observed when agricultural
wastes (wheat bran and orange peel) were used as sole carbon
source. The future study of kinetic parameter of endo (1,4) b-D-
glucanase by B. licheniformis KIBGE-IB2 will elucidate its cata-
lytic properties and will help in the development of cost
effective industrial process.r e f e r e n c e s
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